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Description 

[0001] The present Invention relates to the field of an- 
gioplasty. In particular, the present Invention relates to 
a catheter shaft. 

[0002] Angioplasty procedures have gained wide ac- 
ceptance In recent years as efficient and effective meth- 
ods for treating types of vascular disease. In particular, 
angioplasty is widely used for opening stenoses in the 
coronary arteries, although it is also used for the treat- 
ment of stenoses and other parts of the vascular system. 
[0003] The most widely used form of angioplasty 
makes use of a dilatation catheter which has an inflata- 
ble balloon at its distal end. Typically, a hollow guide 
catheter is used in guiding the dilatation catheter 
through the vascular system to a position near the sten- 
oses (e.g., to the coronary artery ostia). using fluoros- 
copy, the physician guides the dilatation catheter the re- 
maining distance through the vascular system until a 
balloon is positioned to cross the stenoses. The balloon 
is then inflated by supplying fluid under pressure 
through an inflation lumen in the catheter to the balloon. 
The inflation of the balloon causes stretching of the ar- 
tery and pressing of the lesion into the artery wall, to 
reestablish acceptable blood flow through the artery. 
[0004] There has been a continuing effort to reduce 
the profile and shaft size of the dilatation catheter so that 
the catheter not only can reach but also can cross a very 
tight stenosis. A successful dilatation catheter must also 
be sufficiently flexible to pass through tight curvatures, 
especially in the coronary arteries. A further requirement 
of a successful dilatation catheter is its "pushability". 
This involves the transmission of longitudinal forces 
along the catheter from its proximal end to its distal end 
so that a physician can push the catheter through the 
vascular system and the stenoses. 
[0005] Two commonly used types of dilatation cathe- 
ters are referred to as "over-the-wire" catheters and 
"non-over-the-wire" catheters. An over-the-wire cathe- 
ter is one in which a separate guide wire lumen is pro- 
vided in the catheter so that a guide wire can be used 
to establish the path through the stenoses. The dilata- 
tion catheter can then be advanced over the guide wire 
until the balloon on the catheter is positioned within the 
stenoses. One problem with the over-the-wire catheter 
is the requirement of a larger profile and a generally larg- 
er outer diameter along the entire length of the catheter 
in order to allow for a separate guide wire lumen there- 
through. 

[0006] A non-over-wire catheter acts as its own guide 
wire, and thus there Is no need for a separate guide wire 
lumen. One advantage of a non-over-the-wire catheter 
is its potential for a reduced outer diameter along its 
main shaft since no discrete guide wire lumen is re- 
quired. However, one disadvantage is the inability to 
maintain the position of the guide wire within the vascu- 
lar system when removing the catheter and exchanging 
it for a catheter having a smaller (or larger) balloon di- 



ameter. Thus, to accomplish an exchange with a non- 
over-the-wire catheter, the path to the stenoses must be 
reestablished when replacing the catheter with one hav- 
ing a different balloon diameter. 

5 [0007] In an effort to combine the advantages of an 
over-the-wire catheter with a non-over-the-wire cathe- 
ter, catheters have been developed which have guide 
wire lumens which extend from a distal end of the cath- 
eter through the dilatation balloon and then exit the cath- 

10 eter at a point proximal of the dilatation balloon. The 
guide wire thus does not extend through the entire 
length of the catheter and no separate guide wire lumen 
is required along a substantially proximal section of the 
catheter. That proximal section can thus have a smaller 

15 outer diameter since it is only necessary to provide an 
inflation lumen therethrough for catheter operation. A 
further advantage of this type of modified over-the-wire 
catheter is that the frictional forces involved between the 
guide wire and the shortened guide wire lumen are re- 

20 duced, thereby reducing resistance to catheter pusha- 
bility and enhancing the "feel" and responsiveness of 
the catheter to a physician. 

[0008] Perhaps the most significant advantage of us- 
ing a shortened guide wire lumen is in the ease of ex- 

25 changeof the catheter over the guide wire. In performing 
an angioplasty procedure using such a catheter, the 
catheter is "back loaded" over the guide wire by inserting 
the proximal tip of the guide wire into a distal opening 
of the guide wire lumen in the catheter. The catheter is 

30 then advanced by "feeding" the catheter distally over the 
guide wire while holding the guide wire stationary. The 
proximal end of the guide wire will then emerge out of 
the proximal opening of the guide wire lumen (which is 
substantially spaced distally firom the proximal end of 

35 the catheter itself) and is accessible again for gripping 
by the physician. The catheter can be preloaded onto 
the guide wire in this manner before the guide wire is 
Inserted into the guide catheter or after. In either case, 
the guide wire is steered and passed through the guide 

40 catheter, coronary vessels and across a lesion. The ex- 
posed portion of the guide wire is then grasped while 
the catheter is advanced distally along the guide wire 
across the lesion. Using this procedure, little axial move- 
ment of the guide wire occurs during catheter loading 

45 and positioning for angioplasty. 

[0009] If the dilatation balloon is found to be inade- 
quate (too small or too large), the catheter can be sim- 
ilarly withdrawn without removing the guide wire from 
across the lesion. The guide wire is grasped while the 

50 catheter is withdrawn, and when the proximal opening 
of the guide wire lumen is reached, the grasping hand 
must be moved incrementally away from the proximal 
opening as the catheter Is incrementally withdrawn, until 
the catheter Is fully removed from the guide catheter and 

55 the guide wire is thus again exposed and accessible ad- 
jacent to the proximal end of the guide catheter. 
[0010] This shortened guide wire lumen type of dila- 
tation catheter design thus offers the advantages asso- 
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ciated with the rapid exchangeability of catheters. The 
design also presents the potential to provide a smaller 
catheter shaft, since the guide wire Is not contained with- 
in the proximal portion of the catheter shaft. The smaller 
catheter shaft thus allows for better contrast media in- 5 
jection and, as a result, better visualization. In addition, 
because of the rapid exchangeability features, standard 
non-extendable guide wires of approximately 175 cen- 
timeters in length may be used. Further, because the 
guide wire is contained in only a distal shorter guide wire 
lumen of the catheter, free wire movement is enhanced 
when compared to a standard over-the-wire catheter 
where the guide wire extends through a guide wire lu- 
men extending along the entire length of the catheter 
(see. e.g.. US-A- 4 748 982). 

[0011] While several structures for such shortened 
guide wire lumen dilatation catheter have been pro- 
posed these structures suffer from several disadvantag- 
es. Such catheters have been one piece polyethylene 
catheters having dual lumen configurations adjacent 
their distal regions. Typically, such catheters have larger 
than necessary shaft sizes and are stiffer in their distal 
regions than would be desired, Including those portions 
bearing the dilatation balloon. A further disadvantage Is 
that the proximal shaft portion of such catheters is rela- 
tively flexible, and has low column strength shaft, so that 
it tends to "bunch" and buckle when advanced across a 
lesion. To counteract this deficiency in such designs, ad- 
ditional stiffener elements have been provided in the 
shaft, which necessarily either require a larger catheter 
shaft to accommodate the stiffener element structure. 
The known dilatation balloon catheter designs which in- 
clude shortened guide wire lumens extending through 
the distal portion of the catheter suffer from the disad- 
vantages mentioned above and do not take advantage 
of the unique opportunities presented by the possibilities 
of such designs in construction and application. 
[0012] EP-A-0 365 993 relates to a catheter equipped 
with an expansible member for use in curing a stricture 
portion inside a blood vessel. This document suggests 
a rigidity imparting member, e.g. in the form of a coil 
spring extending from the base end portion to the tip end 
portion of the catheter, which is for preventing an ex- 
treme flexion of the catheter in a blood vessel but is not 
related to catheter shafts of a dilatation balloon catheter 
of the "over-the-wire" type. 

[0013] US-A-4 906 241 relates to a dilatation balloon. 
The dilatation device shown in this document comprises 
a strain relief on a luer fitting. 

[001 4] US-A-4 430 083 relates to an infusion catheter, 
and comprises a tube couple to a connector. The tube 
includes a relatively short length of strain relief tubing. 
That is, the strain relief tubing is provided at the proximal 
end of the catheter. 

[0015] US-A-4 946 466 relates to a transluminal an- 
gioplasty apparatus. This apparatus comprises a strain 
relief coil located at the proximal end of the guidewire 
and a sleeve lying over the coil. 
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[0016] The present invention is specified by the fea- 
tures of the claims. The reference signs in the claims 
shall not be construed as limiting the claims. 
[0017] The present invention relates to a catheter 
shaft for an over-the-wire dilatation balloon catheter 
which has a guide wire lumen extending through only a 
distal portion of the catheter. The guide wire lumen ex- 
tends from a distal end of the catheter proximally 
through a balloon of the catheter and exits the catheter 
at a point proximal of the balloon, but substantially dis- 
tally from a proximal end of the catheter itself. 
[001 8] The present invention is for a balloon dilatation 
catheter Including a thin-walled, high strength metallic 
tube having a longitudinal inflation lumen extending 
therethrough from its proximal end to its distal end. An 
intermediate sleeve section extends distally from the 
metallic tube. The sleeve section is more flexible than 
the metallic tube, and Includes a proximal segment of 
inner core tube which has a longitudinal guide wire lu- 
men extending therethrough and an outer sleeve which 
extends over the proximal segment of the core tube to 
define a longitudinally extending annular inflation lumen 
therebetween that is in fluid communication with the in- 
flation lumen of the metallic tube. The guide wire lumen 
has an outlet at a proximal end of the proximal segment 
of the core tube, and the core tube has a distal segment 
which extends distally beyond the distal end of the outer 
sleeve. Means are provided for exposing the guide wire 
lumen outlet to the exterior of the catheter adjacent and 
proximal to the distal end of the metallic tube, without 
compromising the integrity of the inflation lumens ex- 
tending through the catheter. An inflatable balloon ex- 
tends over the distal segment of the core tube and has 
its proximal end connected to the distal end of the outer 
sleeve. A distal end of the balloon is connected to the 
core tube so that an interior of the balloon is in fluid com- 
munication with the annular inflation lumen in the sleeve 
section. Means are provided for preventing significant 
closure of the guide wire lumen and annular inflation lu- 
men in the sleeve section adjacent the distal end of the 
metallic tube when the more flexible sleeve section is 
bent laterally relative to the metallic tube. 
[0019] In a preferred construction, the metallic tube is 
formed from a proximal relatively long stainless steel 
tube and a distal relatively short stainless steel tube 
bonded thereto. The outer diameter of the proximal tube 
is smaller than the outer diameter of the distal tube, thus 
providing a catheter stnjcture which Is highly trackabie 
and has a generally small shaft outer diameter, yet is 
very pushable and responsive to a doctor controlling 
movement of the catheter from its proximal end. The 
means for exposing includes a longitudinal crimp adja- 
cent the distal end of the distal stainless steel tube. The 
crimp extends laterally inwardly from one side of the dis- 
tal tube, and has a proximal transition region and distal 
bonding region. The proximal end of the inner core tube 
is nested within the distal bonding region of the crimp 
and bonded thereto. The outer sleeve extends over at 
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least a distal portion of the bonding region and is seal- 
ably affixed thereabout. 

[0020] The means for preventing closure of the 
present invention may tal<e a number of different forms. 
The means for preventing closure comprises a coil 
member affixed to the sleeve section adjacent the distal 
end of the metallic tube. As such, the coil member may 
be afTixed about the outer sleeve to extend distally from 
the metallic tube or about the inner core tube to extend 
distally from the metallic tube. Such a coil member fur- 
ther may have its coil spaced uniformly apart or spaced 
increasingly apart as it extends distally from the metallic 
tube. Preferably, the coil member is formed from a spi- 
rally shaped ribbon. A compression sheath is provided 
to envelope the coil member and maintain the coil mem- 
ber in secure engagement to the sleeve section. In an 
alternative embodiment, the means for preventing clo- 
sure comprises a tubular member affixed to the sleeve 
section adjacent the distal end of the metallic tube, with 
the tubular member being formed from a polyimide ma- 
terial. 

[0021] Such closure preventing means thus provide 
a bending relief design between the relatively stiff me- 
tallic tube and more flexible distal region of the balloon 
dilatation catheter, to prevent kinking during catheter 
preparation work and handling (prior to insertion of the 
dilatation catheter into the guide catheter and patient). 
Such kinking or "crimping" of the catheter can result in 
a binding on the guide wire as it extends through the 
guide wire lumen or a reduction in size of the annular 
inflation lumen between the metallic tube and balloon or 
a compromise in strength of the catheter tubings, all of 
which will compromise the utility and responsiveness of 
the dilatation catheter. In addition, the closure prevent- 
ing means reduces the possibility of a failure or separa- 
tion of the bonds adjacent the distal end of the metallic 
tube which may be caused by excess strain placed on 
such bonds during catheter preparation or handling. 
[0022] FIG. 1 is a side elevatlonal view of a balloon 
dilatation catheter having a distal guide wire lumen 
therethrough and showing a guide wire. 
[0023] FIG. 2 is a sectional side elevational view of 
the balloon dilatation catheter of FIG. 1 . 
[0024] FIG. 3 is an enlarged sectional view as taken 
along lines 3-3 in FIG. 2. 

[0025] FIG. 4 is a sectional side elevational view of a 
portion of the catheter, illustrating an alternative struc- 
ture for a reinforcing coil member thereon. 
[0026] FIG. 5 is a sectional side elevational view of a 
portion of the catheter, illustrating an alternative struc- 
ture for a reinforcing coil member thereon. 
[0027] FIG. 6 is an enlarged sectional view as taken 
along lines 6-6 in FIG. 5. 

[0028] FIG. 7 is a sectional view of a portion of an al- 
ternative example of a catheter. 
[0029] FIG. 8 is a sectional view of a portion of an al- 
ternative example of a catheter. 
[0030] FIG. 9 is a sectional view of a portion of an al- 



ternative example of a catheter. 
[0031] FIG. 10 is sectional view of a portion of an al- 
ternative example of a catheter. 
[0032] FIG. 11 is a sectional view of a portion of an 
5 embodiment of the catheter of the present invention. 
[0033] FIG. 12 is a sectiona view of a portion of an 
alternative embodiment of the catheter of the present 
invention. 

[0034] FIG. 13 is a sectional view of a portion of an 

10 alternative example of a catheter. 

[0035] Although the above-identified drawing figures 
set forth various embodiments of the invention, other 
embodiments of the invention are also contemplated, as 
noted in the discussion. In all cases, this disclosure 

15 presents illustrated embodiments of the present inven- 
tion by way of representation and not limitation. It should 
be understood that numerous other modifications and 
embodiments can be devised by those skilled in the art 
which will fall within the scope of the principles of this 

20 invention. 

Overall Catheter Structure 

[0036] A balloon dilatation catheter 20 of the present 

25 invention is illustrated generally in FIG. 1 . The catheter 
20 has a proximal main shaft section 22, an intermediate 
sleeve section 24 and a distal balloon section 26. The 
main shaft section 22 has a proximal end 28 and a distal 
end 30. Likewise, the intermediate sleeve section 24 

30 has a proximal end 32 and a distal end 34. The distal 
balloon section 26 has a proximal waist 36, an interme- 
diate expandable segment 38 and a distal waist 40. 
[0037] As illustrated In FIG. 1 , the distal end 30 of the 
main shaft section 22 is connected to the proximal end 

35 32 of the sleeve section 24, and the distal end 34 of the 
sleeve section 24 is connected to the proximal waist 36 
of the balloon section 26. In use, the catheter 20 is cou- 
pled to an inflation device (not shown) by a luer manifold 
42 connected to the proximal end 28 of the main shaft 

^0 section 22. The inflation device thus provides or re- 
moves inflation solution from the catheter 20 to selecta- 
bly inflate or deflate the intermediate expandable seg- 
ment 38 of the distal balloon section 26 (in FIG. 1. ex- 
pandable segment 38 Is shown in its inflated confrgura- 

^5 tion). 

[0038] The catheter 20 of the present invention is de- 
signed for use in combination with a catheter guide el- 
ement such as a guide wire 50. In use in a coronary ap- 
plication, both the guide wire 50 and the catheter 20 are 

50 fed through and guided to an arterial lesion by means 
of a tubular guide catheter (not shown). Both the cath- 
eter 20 and guide wire 50 are therefore longer than the 
guide catheter, with a typical catheter length of approx- 
imately 1 35 cm and a typical guide wire length of ap- 

55 proximately 175 cm. As illustrated in FIG. 1, the guide 
wire 50 extends longitudinally along the exterior of the 
main shaft section 22 of the catheter 20. Adjacent the 
distal end 30 of the main shaft section 22, the guide wire 
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50 enters the structure of the catheter 20 and extends 
distally therethrough until it exits the catheter structure 
adjacent the distal waist 40 of the distal balloon segment 
26. As seen FIG. 2, a separate guide wire lumen 52 is 
provided in the catheter 20 through the Intermediate 
sleeve section 24 and distal balloon section 26 thereof. 
The guide wire 50 thus is only entrained within the cath> 
eter 20 within this guide wire lumen 52, which is much 
shorter than the total length of the catheter 20 (e.g., the 
guide wire lumen 52 is approximately 30 cm long). The 
guide wire 50 has a proximal end 53 and a distal end 54 
and is of a typical structure for guiding angioplasty cath- 
eters. At its distal end 54. the guide wire 50 preferably 
has a coiled and rounded tip structure which is bendable 
for steerability of the guide wire. 
[0039] Referring now to FIG. 2, which shows the cath- 
eter 20 in greater detail. It is seen that the proximal end 
28 of the main shaft section 22 further has a strain relief 
tube 60 disposed between the luer manifold 42 and shaft 
section 22. The strain relief tube 60 is larger than the 
main shaft section 22, and thus provides a step-wise 
strain relief function between the inflexible luer manifold 
42 and the more flexible main shaft section 22. The main 
shaft section 22, tubular member 60 and luer manifold 
42 are secured together respectively by suitable adhe- 
sive means, such as epoxy or cyanoacrylate. 

Main Shaft Section 

[0040] The main shaft section 22 is preferably formed 
as a thin-walled, high strength stainless steel tube struc- 
ture, which is referred to as hypodermic tubing or hypo- 
tube. As a tubular structure the main shaft section 22 
thus has a longitudinally extending inflation lumen 62 
extending therethrough from its proximal end 28 to its 
distal end 30, which provides a means for the movement 
and pressurization of inflation fluid through the catheter 
20 to and from the distal balloon section 26. 
[0041] In some catheters, the main shaft section 22 is 
formed from two stainless steel tube sections, a proxi- 
mal relatively long shaft section 64 and a distal relatively 
short shaft section 66. A distal end of the proximal shaft 
section 64 and a proximal end of the distal shaft section 
66 are sealably affixed together by suitable means, such 
as by a solder joint. The proximal end of the distal shaft 
section 66 fits coaxially over the distal end of the prox- 
imal shaft section 64. as seen in FIG. 2, thereby allowing 
the proximal shaft section 64 to assume a smaller outer 
diameter than the distal shaft section 66. The main shaft 
section 22 is provided with a lubricous coating (such as 
polytetraflouroethylene) to lessen frictional resistance 
(at least to the extent that the proximal shaft section 64 
is so coated). The use of a thin-walled (e.g.. 0,0762 mm 
(0.003 inch) wall thickness), metallic tube structure for 
the main shaft section 22 thus provides a stiff enough 
shaft for pushability yet allows for a relatively small di- 
ameter shaft, thereby enhancing catheter visualization 
via fluoroscopy and catheter versatility. The inherent 



high strength nature of such a structure also allows it to 
withstand the fluid pressures necessary for proper cath- 
eter operation, which in a plastic shaft structure would 
require thicker walls. The high column strength and 

5 thickness of a hypotube shaft also gives improved re- 
sponsiveness to the catheter. Thus, the balloon and dis- 
tal regions of the catheter move definitively (in a 1:1 re- 
lationship) with motions imparted at the catheter's prox- 
imal end by a physician. This feature allows the physi- 

10 cian to actually "sense" the pathway as the catheter is 
tracked, which gives valuable information in the pas- 
sage of the catheter to and through the lesion. 
[0042] In the distal shaft section 66 of the main shaft 
section 22, a longitudinal crimp 68 is provided which ex- 

15 tends laterally inwardly from one side of the distal sec- 
tion 66. The distal shaft section 66 has three sections, 
a proximal tubular region 70. a transition region 72. and 
a distal bonding region 74. The crimp 68 extends from 
its proximal origin in the transition region 72 to its great- 

20 est lateral depth in the bonding region 74. The crimp 68, 
as further illustrated in FIG. 3. does not seal off or close 
the inflation lumen 62. but does transform the inflation 
lumen from a circular lumen 62 to a crescent shape 
through the bonding region 74. as seen at 63 in FIG. 3. 

25 

Catheter Intenmediate Sleeve Section 

[0043] The intermediate sleeve section 24 extends 
distally from the main shaft section 22, and is bonded 

30 thereto adjacent the bonding region 74 of the distal shaft 
section 66. The intermediate sleeve section 24 has two 
primary longitudinal components, an inner core tube 80 
and an outer sleeve or tube 82. The inner core tube 80 
has a proximal segment 84 within the sleeve section 24 

35 and a distal segment 86 within the distal balloon section 
26. The inner core tube 80 and outer sleeve 82 are both 
preferably formed from thin-walled high density polyeth- 
ylene. 

[0044] The inner core tube 80 has a proximal end 88 
40 and a distal end 90. At its proximal end 88, the core tube 
80 is nested within the bonding region 74 of the distal 
shaft section 66 and bonded thereto by suitable means, 
such as epoxy or cyanoacrylate. The core tube 80 is 
thus affixed to the main shaft section 22 in an "off-axis" 
45 alignment at the bonding region 74. However, as seen 
in FIG. 2, as the core tube 80 extends distally from the 
main shaft section 22, it is aligned generally coaxially 
with the shaft section 22. 

[0045] The core tube 80 defines the guide wire lumen 
50 52 extending through the catheter 20. The guide wire 
lumen thus has a proximal outlet 92 adjacent the prox- 
imal end of the core tube 80 and a distal outlet 94 adja- 
cent the distal end 90 of the core tube 80. At least one 
marker band 96 is provided about the core tube 80 (pref- 
55 erably centered within the expandable segment 38 of 
the distal balloon section 26) to aid in illuminating the 
position of the catheter 20 via fluoroscopy during an an- 
gioplasty procedure. 
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[0046] The outer sleeve 82 is generally tubular in 
form, and has a proximal end 100 and a distal end 102. 
The outer sleeve 82 is bonded about the distal shaft sec- 
tion 66 and the core tube 80 adjacent the bonding region 
74, as seen in FIGS. 2 and 3 and is held in place thereto 
by suitable means, such as epoxy or cyanoacrylate. The 
outer sleeve 82 extends distally from the main shaft sec- 
tion 22 over the proximal segment 84 of the core tube 
80, and as such, defines a distal continuation of the in- 
flation lumen of the catheter 20. A longitudinally extend- 
ing annular inflation lumen 104 is formed between the 
core tube 80 and outer sleeve 82. Of course, the proxi- 
mal end 1 00 of the outer sleeve 82 is securely sealed 
about the distal shaft section 66 and the core tube 80 
so that the longitudinal inflation lumens 62 and 104 
through the catheter 20 are not compromised to the ex- 
terior of catheter 20, but are in fluid communication 
therethrough. 

[0047] The intermediate sleeve structure defined 
above is the basic sleeve structure for all embodiments 
of the present invention contemplated and disclosed 
herein-namely, an inner core tube bonded to a distal 
portion of the main catheter shaft, with an outer sleeve 
forming an annular continuation of the inflation lumen 
through the main shaft between the core tube and outer 
sleeve. As discussed below and illustrated herein, var- 
ious configurations of the connections and components 
relative to the formation of the distal guide wire lumen, 
including the coupling of the main shaft to the interme- 
diate sleeve section, are contemplated. 

Catheter Distal Balloon Section 

[0048] The distal balloon section 26 is connected to 
the components of the intermediate sleeve section 24. 
The proximal waist 36 of the balloon section 26 is con- 
nected to the distal end 102 of the outer sleeve 82 by 
suitable means, such as by epoxy or cyanoacrylate. The 
distal waist 40 of the balloon section 26 is bonded to the 
core tube 80 adjacent its distal end 90 by suitable 
means, such as by epoxy or cyanoacrylate. An interior 
106 of the balloon section 26 is thus sealed and in fluid 
communication with the annular inflation lumen 104 
within the sleeve section 24. In a preferred embodiment, 
the balloon section 26 is formed from a compliant bal- 
loon material (e.g., polyolefin), although a balloon 
formed from thin-walled non-compliant material (e.g., 
PET-polyethylene terephthalate) is also contemplated. 

Kink-resistant Structure 

[0049] The metallic main shaft section 22 is relatively 
stiff compared to the polyethylene intermediate sleeve 
section 24. This creates a rather abrupt change in the 
flexibility of the materials for the catheter 20 adjacent 
the distal end 30 of the main shaft section 22 (at the 
bonding region 74). The use of a hypotube for the main 
shaft section 22 in the catheter 20 creates a catheter 



which is considerably stiffer than most previous over- 
the-wire angioplasty balloon catheter designs. Such 
stiffness is not a concern as long as the metallic main 
shaft section 22 remains in the relatively straight guide 

5 catheter within the patient, and indeed such stiffness 
provides distinct benefits in use of the catheter 20, as 
described above. In the distal portions of the catheter 
20 (Intermediate sleeve section 24 and distal balloon 
section 26). the catheter 20 must be very trackable and 

10 flexible In order to negotiate the tortuous coronary anat- 
omy to and across the lesion. The relatively sharp tran- 
sition in stiffness as the catheter structure changes from 
the metallic main shaft section 22 to the much more flex- 
ible polymer Intermediate sleeve section 24 creates two 

15 concerns. First, during handling of the catheter prior to 
usage, there is a potential to kink the catheter structure 
at that flexibility transition point. Secondly, when the 
catheter is in vivo, the distal end 30 of the main shaft 
section 22 could potentially "dig in" to the guide catheter 

20 and create excessive friction due to the tack of bending 
support from the more flexible intermediate sleeve sec- 
tion 24. 

[0050] To address these concerns, a kink-resistent 
structure 1 10 is provided to prevent kinking and possible 

25 damage to the intermediate sleeve section 24 during 
catheter preparation, handling and use. In its simplest 
form, this kink-resistent structure 110 provides a mem- 
ber of intermediate stiffness or transitory stiffness and 
kink-resistant nature between the relatively stiff main 

30 shaft section 22 and the relatively flexible intermediate 
sleeve section 24. The kink-resistent structure 110 in- 
cludes a coil member 112 affixed to the intermediate 
sleeve section 24 adjacent the distal end 30 of the main 
shaft section 22. The coil member 112 creates an inter- 

35 mediate stiffener element between the relatively stiff 
main shaft section 22 and the relatively flexible interme- 
diate sleeve section 24 to allow bending of the catheter 
without kinking. The coit member 112 preferably has its 
coils spaced uniformly apart, and is preferably formed 

^0 from a spiral ribbon of stainless steel placed about the 
outer sleeve 82 along that portion thereof extending 
over the bonding region 74 and distally therefrom. The 
coll member 112 is secured to the outer sleeve 82 by 
suitable adhesive means, such as by epoxy. To further 

45 secure the coil member 112 to the intermediate sleeve 
section 24, a heat-shrinkable sheath 114 is fitted over 
the coil member 112. Preferably the sheath 114 is 
fonmed from a polyimide or polyolefin material which is 
expanded radially outwardly and then shrunk down over 

50 the coil member 112 and outer sleeve 82 to secure the 
coil member 112 thereto. To further secure the sheath 
114 and coil member 112 in place, some adhesive is pro- 
vided between the sheath 114 and the intermediate 
sleeve section 24. By covering the ends of the coll mem- 

55 ber 112, the sheath 114 also lessens the chances of 
those ends providing a rough edge or catch as the cath- 
eter 20 is advanced through the guide catheter or artery. 
[0051] Although the kink-resistant structure is de- 
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scribed and illustrated in connection with a balloon dil- 
atation catheter, it is contemplated that such a structure 
be employed in any catheter shaft as a transition from 
a first thin-walled, high strength metallic tube structure 
to a second tube structure which is more flexible than 
the metallic tube structure. Such a kink-resistant struc- 
ture, as described above (and also below in various em- 
bodiments), may be employed In a single lumen cathe- 
ter shaft, or In multiple lumen catheter shaft having a 
central core tube such as the multi-lumen shaft illustrat- 
ed by the intermediate sleeve section of the catheter dis- 
closed in FIGS. 1-4. 

Alternative Catheter Embodiment 

[0052] Numerous alternative embodiments of the 
catheter of the present invention are contemplated. For 
example, several alternative arrangements for the main 
shaft section and intermediate sleeve structure portion 
of the catheter are illustrated and discussed herein, but 
it is not intended that the illustrated embodiments are all 
inclusive of those structures and designs which are in- 
cluded within the scope of the present invention. In the 
following discussion of further alternative embodiments 
of the present invention, to the extent a component is 
identical to that of a previously described embodiment, 
like reference numerals are used. 
[0053] FIG. 4 illustrates an altemative design for the 
distal portion of a catheter. Specifically, the outer sleeve 
(of the intermediate sleeve section) and the distal bal- 
loon section are formed from the same component, as 
a unitary member. Thus, proximal waist 36A of distal bal- 
loon section 26A is elongated proximally and acts as the 
outer sleeve for intermediate sleeve section 24A. A 
proximal end 115 of the proximal waist 36A is sealably 
fixed about the core tube 80 and main shaft section 22 
adjacent the bonding region 74 thereof. It should be un- 
derstood that the prospect of having a unitary outer 
sleeve and balloon member is applicable to all embod- 
iments disclosed herein and contemplated, although it 
is only illustrated and discussed with respect to the cath- 
eter structure of FIG. 4. 

[0054] FIG. 4 also shows another variation for the 
catheter's structure illustrated in FIGS. 1-3. In FIG. 4, 
kink-resistant structure 1 1 0A includes coil member 1 1 2A 
which is defined as a spiral ribbon of stainless steel 
placed about a proximal portion of the proximal waist 
36A along the bonding region 74 and distally therefrom. 
The coil member 112A does not have its coils uniformly 
spaced apart, but rather has its coils spaced increasing- 
ly further apart as the coil member extends distally from 
the main shaft section 22. This results in a coil member 
112A which becomes Increasingly more flexible, there- 
by "feathering out" the change in relative stiffness and 
strain or kink relief between the relatively Inflexible main 
shaft section 22 and the relatively flexible intermediate 
sleeve section 24A. As before, a heat-shrinkable sheath 
114A Is fitted over the coil member 112A to further se- 



cure the coil member 112A to the sleeve section 24A. 
[0055] In FIG. 5, a modified main shaft section 22B is 
illustrated. The main shaft section 22B is formed as a 
thin-walled, high strength stainless steel tube or hypo- 

5 tube, but is defined as a single tubular shaft 117 from its 
proximal end to its distal end 30B. The single shaft 117 
has a longitudinally extending inflation lumen 628 there- 
through, and at its proximal end (not shown) the single 
shaft 117 is mounted to an inflation device in a manner 

10 such as that illustrated for the catheter of FIG. 2. Adja- 
cent its distal end 308, the single shaft 117 has a longi- 
tudinal crimp 688 which extends laterally inwardly from 
one side of the single shaft 117. The single shaft 117 
thus has three sections, a proximal, relatively elongated 

15 tubular region 708, a relatively short distal transition re- 
gion 728 and a relatively short distal bonding region 
748. The crimp 688 extends from its proximal origin in 
the transition region 728 to its greatest lateral depth in 
the bonding region 748. The crimp 688 does not seal 

20 or close off the inflation lumen 628, but rather trans- 
forms the inflation lumen 628 from a circular lumen to a 
half-moon lumen through the bonding region 748, as 
seen at 638 in FIG. 6. It is again understood that the use 
of a single tube to define the main shaft section of the 

25 catheter of the present invention is applicable to the oth- 
er alternative embodiments of the catheter structures 
disclosed herein. 

[0056] FIGS. 5 and 6 also illustrate an alternative ar- 
rangement for the kink-resistant structure of the cathe- 

30 ter. Kink-resistant structure 210 includes coil member 
212. The sleeve section 248 includes an outer sleeve 
828 and an inner core tube 808. with the core tube 808 
adapted to be nested within and bonded to the main 
shaft section 228 in its distal bonding region 748. The 

35 coil member 212 of the kink-resistant stmcture 210 is 
positioned about the core tube 808 within the distal 
bonding region 748 and extending distally therefrom. 
The coil member 21 2 is preferably formed from stainless 
steel (either from a wire or ribbon) and may have uniform 

40 coil spacing or increasingly spaced coils as the coil 
member 21 2 extends distally from the main shaft section 
228. The coil member 212 is secured to the core tube 
808 by suitable means, such as by embedding the coil 
member 212 in an epoxy layer 214 about the core tube 

45 808. A proximal end 1008 of the outer sleeve 828 is 
bonded about the main shaft section 228 and inner tube 
808 and coil structure 210 in the bonding region 748 
thereof, as seen in FIGS. 5 and 6. In the intennedlate 
sleeve section 248, the inner core tube 808 thus pro- 

50 vides a guide wire lumen 528 therethrough, and an an- 
nular inflation lumen 1 048 is provided between the inner 
tube 808 and outer sleeve 828. Although the kink-re- 
sistant structure 21 0 is within the annular inflation lumen 
104 and the outer sleeve 828 necks down distally from 

55 the main shaft section 228, the size of the annular in- 
flating lumen 1 04 is sufficient to provide proper fluid flow 
to and from the catheter's balloon. 
[0057] FIGS. 7-13 illustrate an alternative configura- 
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tion for that portion of the catheter adjacent the proximal 
inlet of the guide wire lumen, instead of providing a 
crimp structure in the distal end of the main shaft sec- 
tion, an aperture Is provided adjacent to and proximal of 
the distal end of the main shaft section. The aperture is 
aligned and seatably coupled to the inner tube to define 
the guide wire lumen proximal outlet. In all disclosed em- 
bodiments, the main shaft section is preferably formed 
from a hypotube-like material. 
[0058] As seen in FIG. 7. an alternative construction 
of the catheter has a proximal main shaft section 22C 
formed from thin-walled, high strength stainless steel 
tubing. A longitudinally extending inflation lumen 62C 
extends therethrough from a proximal end of the main 
shaft section 22C to its distal end 30C. In the embodi- 
ment seen in FIG. 7, the main shaft 22C is formed from 
two stainless steel tube sections, a proximal relatively 
long shaft section 64C and a distal relatively short shaft 
section 66C bonded on the distal end of the proximal 
section 64C. This two-part main shaft section structure 
thus allows a substantial length of the main shaft section 
22C to be formed from the proximal shaft section 64C 
which has a smaller diameter than the distal shaft sec- 
tion 66C. 

[0059] The distal shaft section 66C has an oval- 
shaped aperture 119 extending through its wall, with the 
oval being elongated in the longitudinal direction of the 
main shaft section 22C. The aperture 119 is spaced 
proximally from a distal end of the distal shaft section 
66C (the distal end 30C of the main shaft section 22C). 
The space between the aperture 119 and distal end 30C 
thus defines in part a bonding region 121 for connecting 
the main shaft section 22C to a distally extending inter- 
mediate sleeve section 24C. 

[0060] As before, the Intermediate sleeve section 24C 
includes an inner core tube 80C and an outer sleeve 
82C. A proximal end BSC of the core tube 80C is seal- 
ably bonded about the aperture 11 9 to align the proximal 
end 88C and aperture 1 1 9 and thereby define a proximal 
outlet 92C for a guide wire lumen 52C extending through 
the core tube 80C. As seen in FIG. 7, a proximal portion 
123 of the core tube 80C extends laterally from the ap- 
erture 119 into the distal shaft section 66C and turns lon- 
gitudinally and distally relative thereto to be aligned gen- 
erally coaxially therewith. As such, the inflation lumen 
62C is continued distally past the aperture 11 9 as a gen- 
erally annular inflation lumen 125, between the core 
tube 80C and distal shaft section 66C (along the bond- 
ing region 121). Proximal end 100C of the outer sleeve 
82C is bonded about the distal shaft section 66C in the 
bonding region 121 by a suitable means, such as by 
epoxy or cyanoacrylate. As seen in FIG. 7, the outer 
sleeve 82C extends distally from the main shaft section 
22C over the core tube 80C and defines a longitudinally 
extending annular inflation lumen 104C between the 
core tube 80C and outer sleeve 82C. The proximal end 
100C of the outer sleeve 82C is sealed about the distal 
shaft section 66C so that the longitudinal inflation lu- 



mens 62C, 125 and 104C are not compromised to the 
exterior of the catheter, but are in fluid communication 
therethrough. 

[0061] In FIG. 7, kink-resistant structure 31 0 includes 
5 coil member 312 (of a wire or ribbon-tike structure) 
which is bonded about the outer sleeve 82C to extend 
distally from the distal end 30C of the main shaft section 
22C. In this example, the coil member 312 does not ex- 
tend about any portion of the main shaft 22C. The coil 
10 member 31 2 is secured to the outer sleeve 82C by suit- 
able adhesive means, such as epoxy 314, and is em- 
bedded therein to firmly hold the coil member 312 in 
place about the intermediate sleeve section 24C. In the 
example of FIG. 7, the coil member 312 is illustrated with 
15 its coils being spaced increasingly longitudinally apart 
as the coil member 312 extends distally along the cath- 
eter. 

[0062] FIGS. 8-13 also illustrate embodiments of the 
catheter of the present invention wherein an aperture is 

20 provided through the main shaft section wall to accom- 
modate the proximal outlet for the relatively short, distal 
guide wire lumen. As opposed to the embodiment of 
FIG. 7. however, the embodiments illustrated in FIGS. 
8-1 3 show the main shaft section as a single shaft rather 

25 than as a multi-part shaft. Indeed, FIG. 8 illustrates a 
catheter structure identical to that of FIG. 7, except that 
the main shaft section 22D is shown as a single shaft 
217, rather than having proximal and distal shaft sec- 
tions 64C and 66C as seen in FIG. 7. As such, the cath- 

30 eter inflation lumen includes longitudinally extending in- 
flation lumens 62D, 125D and 104D. 
[0063] FIG. 9 is an example of a catheter similar to 
FIG. 8, except that kink-resistant structure 410 has coil 
member 412 with uniformly spaced coils along the entire 

35 length. Again, the entire coil member 412 is fixed to the 
outer sleeve 82C of the intermediate sleeve section 24C 
by embedding the coil member 412 within a suitable ma- 
terial such as epoxy or cyanoacrylate 414. 
[0064] In the catheter structure of FIG. 10, intermedi- 

^0 ate section 24E has an inner core tube 80E and an outer 
sleeve 82E. The structure of the catheter is otherwise 
the same as the catheter of FIG. 9, except that the kink- 
resistant structure thereof is positioned inside the outer 
sleeve 82E rather than outside of the outer sleeve. Kink- 

45 resistant structure 510 is affixed to an inner surface of 
the outer sleeve 82E distally of the main shaft section 
22D by a suitable means, such as embedded adhesive 
514. The kink-resistant structure 51 0 includes coll mem- 
ber 512 which provides an intermediate stiffener be- 
so tween the relatively stiff main shaft section 22D and the 
relatively flexible intermediate sleeve section 24E. As 
seen, the outer sleeve 82E necks down distally from the 
kink-resistant structure 51 0 to provide a lower profile for 
the catheter in its distal regions. An annular inflation lu- 

55 men 1 04E formed between the inner tube 80E and outer 
sleeve 82E (and at a proximal end thereof, between the 
inner tube 80E and the kink-resistant structure 51 0) is 
not compromised by such a necked-down sleeve design 
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but maintained at sufTicient size to provide for adequate 
and quick inflation and deflation of the balloon. 
[0065] In FIG. 11 intermediate sleeve section 24F in- 
cludes an Inner core tube 80F and an outer sleeve 82F. 
Kink-resistant structure 610 is mounted about the inner 
tube BOF along the bonding region 121 and extending 
distally from the main shaft section 22D into the inter- 
mediate sleeve section 24F. The kink-resistant structure 
includes coil member 612 which is affixed about the core 
tube 80F by suitable means such as being embedded 
in epoxy or another suitable adhesive 614. As seen in 
FIG. 11 . the outer sleeve 82F has an enlarged diameter 
at Its proximal end to accommodate the main shaft sec- 
tion 22D and the kink-resistant structure 61 0. and so that 
the annular inflation lumens 125F and 104F about the 
core tube BOF remain sufficiently large to provide proper 
inflation and deflation pressures to the balloon of the 
catheter. 

[0066] FIGS. 12 and 1 3 illustrate a further variation of 
the kink-resistant structure, Fig. 12 according to the 
present invention. In the embodiments of FIGS. 12 and 
13, the kink-resistant structure does not include a coil 
member. Is formed from a polymer tube which is of in- 
termediate stiffness between the main shaft section and 
intermediate sleeve section. In FIG. 12, kink-resistant 
structure 710 is provided which is formed from a poly- 
imide or other stiff polymer tube 727. The tube 727 is 
bonded about an inner core tube BOG of the intemnedi- 
ate sleeve section 24G by a suitable adhesive, such as 
epoxy or cyanoacrylate. The tube 727 extends through 
a distal portion of the bonding region 121 and distally 
beyond the main shaft section 22D into the intermediate 
sleeve section 24G. Again, an outer sleeve 82G of the 
sleeve section 24G has an enlarged diameter at its prox- 
imal end to accommodate the main shaft section 22D 
and the kink-resistant structure 710, and so that the 
components are dimensioned such that annular inflation 
lumens 125G and 104G are not compromised. 
[0067] In FIG. 13, kink-reslstant structure 810 is illus- 
trated, as formed from a polyimide or other stiff polymer 
tube 829 which is bonded to the inner surfaces of both 
the main shaft section 22D and an outer sleeve 82H of 
an intermediate sleeve section 24H at a bonding region 
1 21 H. The tube 829 thus provides not only a kink-resist- 
ant structure to accommodate the change in stiffness of 
the main shaft section and intermediate sleeve section, 
but also provides a substrate for bonding the two cath- 
eter sections together by a suitable adhesive, such as 
epoxy or cyanoacrylate. A core tube BOH of the sleeve 
section 24H extends through the interior of the tube 829 
to the aperture 1 1 9 on the main shaft section 22D. Thus, 
an annular longitudinally extending inflation lumen 131 
is formed as a "bridge lumen" (between the core tube 
BOH and tube 829) from the inflation lumen 62D to an 
annular inflation lumen 104H within the sleeve section 
24H. 

[0068] As mentioned above, various combinations of 
these attemative component and catheter structures are 



contemplated and are intended to be considered, al- 
though not explicitly shown. For example, it is contem- 
plated that a two-part main shaft section structure (such 
as illustrated in FIGS. 2, 4 and 7) may be combined with 

5 any one of the kink-resistant structure such as that illus- 
trated in FIGS. B-13. Byway of example and not limita- 
tion, a further example of such a combination may in- 
clude the use of a distal balloon section having an elon- 
gated proximal waist (such as shown in FIG. 4) with any 

10 of the alternative kink-resistant structures according to 
the invention disclosed herein. 

Conclusion 

15 [0069] The balloon dilatation catheter of the present 
Invention is an over-the-wire catheter structure with a 
distal guide wire lumen which optimizes the features of 
such a catheter in a way not previously considered or 
achieved. The use of a hypotube-type main shaft for the 
20 catheter allows the attainment of a high strength, push- 
able shaft having thin walls and small diameter. The fur- 
ther use of a two-part hypotube shaft structure allows 
an even smaller diameter for the proximal elongated 
section of the main catheter shaft. Employing a crimp 
25 as a means for aligning and creating a proximal outlet 
for the relatively short guide wire lumen also serves to 
provide a transition region for exit of the guide wire from 
the catheter itself which is relatively gradual. The 
crimped shaft design also provides additional stiffness 
30 in the transition region where the guide wire enters and 
exits the catheter proximally of the balloon thereof, 
thereby creating a more rigorous catheter structure. Be- 
cause the catheter of the present invention is based up- 
on a relatively stiff proximal main shaft section, and such 
35 a catheter must have a relatively flexible distal portion 
for working through the tortuous arterial anatomy, a 
strain relief or kink-resistant structure is provided to 
make a more gradual transition between the relatively 
stiff main catheter shaft and the relatively flexible distal 
40 portion of the catheter. Various configurations of strain 
relief and kink-resistant structures are disclosed herein, 
and all are believed suitable to accomplish the desired 
end of preventing significant closure of the guide wire 
lumen and annular inflation lumen in the more flexible 
45 distal portions of the catheter, especially adjacent the 
distal end of the main catheter shaft. 
[0070] Although the present invention has been de- 
scribed with reference to preferred embodiments, work- 
ers skilled in the art will recognize that changes may be 
50 made in form and detail without departing from the 
scope of the invention. 



Claims 

55 

1. A catheter shaft of the type that can be slidably 
moved along a guidewire, comprising: 
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a relatively stiff outer tubular member having a 
peripheral wall, a first lumen extending there- 
through, and at least one opening (119) being 
located adjacent a distal end of the outer tubu- 
lar member; 

a relatively flexible distal sleeve connected to 
the distal end of the outer tubular member; 
an inner tubular member extending through at 
least a portion of the first lumen and extending 
distatly beyond a distal end of the distal sleeve, 
defining an annular lumen between the outer 
tubular member and the inner tubular member, 
the inner tubular member defining a second lu- 
men extending longitudinally therethrough, the 
second lumen being in fluid communication at 
the proximal end of the inner tubular member 
with the exterior of the shaft through the open- 
ing; and 

a strain relief member (610, 710) affixed about 
the inner tubular member at the transition in 
flexibility of the catheter shaft. 

2. The catheter shaft in accordance with claim 1. 
wherein the strain relief member has a tubular 
shape. 

3. The catheter shaft in accordance with claim 2, 
wherein the tubular-shaped strain relief member in- 
cludes a polymer. 

4. The catheter shaft in accordance with claim 1, 
wherein the strain relief member includes a coil. 

5. The catheter shaft in accordance with claim 1, 
wherein the material composition of the outer tubu- 
lar member changes at the transition in flexibility. 



Patentanspriiche 

1 . Katheterschaft vom Typ, der gleitend entlang eines 
FUhrungsdrahtes bewegt werden kann, mit: 

einem relativ steifen duderen Tubuselement 
mit einer Umfangswand, einem sich dadurch 
erstreckenden ersten Lumen und mindestens 
einer Offnung (119), die benachbartzu dem di- 
stalen Ende des dufleren Tubuselements an- 
geordnet ist; 

einer relativ flexiblen distalen HOtse, die mit 
dem distalen Ende des duUeren Tubuselemen- 
tes verbunden ist; 

einem inneren Tubuselement, das sich durch 
mindestens einen Abschnitt des ersten Lu- 
mens erstreckt und sich distal uber ein distales 
Ende der distalen HOIse hinaus erstreckt, wo- 



bei ein ringfdrmiges Lumen zwischen dem .Su- 
(ieren Tubuselement und dem inneren Tubus- 
element definiert wird, wobei das innere Tubu- 
selement ein zweites Lumen definiert, das sich 
5 dadurch in Ldngsrichtung erstreckt. wobei das 

zweite Lumen am proximalen Ende des inne- 
ren Tubuselementes mit dem duderen des 
Schaftes durch die Offnung in Fluidverbindung 
steht; und 

10 

einem Element zum Abbau von Spannungen 
(610, 710). das um das innere Tubuselement 
an einem FlexibilitdtsObergang des Katheter- 
schaftes befestigt ist. 

IS 

2. Katheterschaft nach Anspruch 1 , wobei das Ele- 
ment zum Abbau von Spannungen eine Tubusform 
aufweist. 

20 3. Katheterschaft nach Anspruch 2, wobei das tubus- 
fOrmige Element zum Abbau von Spannungen ein 
Polymer aufweist. 

4. Katheterschaft nach Anspruch 1. wobei das Ele- 
25 ment zum Abbau von Spannungen eine Wicklung 

aufweist. 

5. Katheterschaft nach Anspruch 1 . wobei die Materi- 
alzusammensetzung des Sufteren Tubuselemen- 

30 tes sich an dem FlexibilitdtsQbergang dndert. 



Revendications 

35 1 . Tronc de catheter du type qui peut §tre d6plac6 en 
coulissement (e long d'un fil de guidage, 
comprenant : 

un 6l6ment tubulaire ext6rieur relativement ri- 
40 gide ayant une parol p§riph6rique. un premier 

lumen qui s'6tend ^ travers lui-m6me, et au 
moins une ouverture (119) situ6e adjacente d 
une extr6mit6 distale de I'^l^ment tubulaire 
ext6rieur ; 

45 

un manchon distal relativement flexible con- 
nects d TextrSmitS distale de I'SISment tubulaire 
ext6rieur ; 

50 un 616ment tubulaire int6rieur qui s'6tend ^ tra- 

vers une partie au moins du premier lumen et 
qui s'Stend en direction distale au-deld d'une 
extr6mit6 distale du manchon distal. d6finis- 
sant un lumen annulaire entre r6l6ment tubu- 

55 taire extSrieur et r6l6ment tubulaire intdrieur ; 

I'6l6ment tubulaire intSrieur dSfinissant un se- 
cond lumen qui s'Stend longitudinalement d tra- 
vers lui-mSme, le second lumen Stant en com- 
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municatlon de fluide, d rextr6mit6 proximale de 
r^l6ment tubulaire int6rleur, avec I'ext6rleur du 
tronc via i'ouverture ; et 

un 6l6ment de relaxation de contraintes (610, 5 
710) fix6 autour de r6l6ment tubulaire int6rieur 
au niveau de la transition de flexibility du tronc 
de catheter. 

2. Tronc de catheter selon la revendicatlon 1 , dans le- io 
quel I'6l6ment de relaxation de contraintes a une 
forme tubulaire. 

3. Tronc de catheter selon la revendicatlon 2, dans le- 
quel r^l^nfient de relaxation de contraintes de forme 
tubulaire Inclut un polym^re. 

4. Tronc de catheter selon la revendicatlon 1 , dans le- 
quel r6l6ment de relaxation de contraintes Inclut un 
bobinage. 20 

5. Tronc de cath6ter selon la revendicatlon 1 , dans le- 
quel la composition du mat^riau de r6l6ment tubu- 
laire ext^rieur change au niveau de la transition de 
flexibility. 25 
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